Encephalitozoon intestinalis (Septata intestinalis) is the second most prevalent microsporidian species infecting humans, but it has not been described in other animal species. This investigation examined 10 domestic animal stool samples (8 mammalian, 2 avian) containing spores detected by anti -Encephalitozoon monoclonal antibody immunofluorescence (FA). The presence of E. intestinalis but not Encephalitozoon hellem or Encephalitozoon cuniculi was confirmed in 6 of 8 mammalian stool samples by species-specific FA and polymerase chain reaction. Clusters of spores inside epithelial cells were observed in feces of five mammals (donkey, dog, pig, cow, and goat) using ''quick-hot'' Gram-chromotrope stain. None of the 10 samples reacted with anti -E. hellem or anti -E. cuniculi sera, nor were they amplified with species-specific primers for E. hellem and E. cuniculi. To our knowledge, this is the first identification of E. intestinalis in animals other than humans. The data shown herein suggest the possibility that E. intestinalis infection may be zoonotic in origin.
Microsporidia are spore-forming, amitochondrial protozoa microsporidian species that infect humans, Enterocytozoon bieneusi is the most prevalent, causing diarrhea and pulmonary grouped in the phylum Microspora. Nearly 1000 species belongand hepatobiliary disease [6] . E. intestinalis is the second most ing to ú100 genera are included in this phylum [1] . Microsporiprevalent microsporidian, causing gastrointestinal infections, dia infect hosts belonging to many invertebrate phyla and all both local and disseminated [7 -9] . five classes of vertebrates, including primates [2] . Nevertheless, Intracellular development of E. intestinalis within a septated only seven genera (Encephalitozoon [Septata] , Enterocytozoon, parasitophorous vacuole in tissue samples or in vitro culture Nosema, Pleistophora, Trachipleistophora, and Vittaforma) as is morphologically distinct from that of Encephalitozoon helwell as unclassified isolates named Microsporidium species, are lem and Encephalitozoon cuniculi [3, 5, 10, 11] . However, known to cause disease in humans. The taxonomic position of spores of these three microsporidians are difficult to distinSeptata intestinalis [3] is not well established, as it was recently guish, even by electron microscopy. Biochemical, immunoproposed to be merged into the Encephalitozoon genus and to logic, or molecular methods are needed for species identificabe renamed as Encephalitozoon intestinalis [4, 5] .
tion [3, 5, 10 -12] . Microsporidia have been increasingly recognized as opportu-
The microsporidian E. cuniculi causes diseases in Ç30 renistic pathogens of immunodeficient patients [6] . Among the ported mammalian hosts, including rabbits, rats, mice, muskrats, horses, dogs, arctic foxes, domestic cats, leopards, baboons, and humans [2] . E. cuniculi is also the only [19] . Briefly, 5 mL of each stool sample was directly applied to 4 ported in any animal species other than humans nor detected individual wells in multiwell slides, and each sample was probed in environmental samples. Identification of microsporidia at the species level was per- [16] . Of these animals, 19 (11.0%) of 172 mammalian and 16 formed using diagnostic primers for E. intestinalis, named SINTF/ (16.2%) of 99 avian species had fecal spores detected by mono-SINTR, which specifically amplify a 520-bp diagnostic fragment clonal antibody (MAb) 3B6-based IFA. Samples from each vilfrom the E. intestinalis small subunit of the rRNA (SSU-rRNA) lage were collected at the same time. Ten samples were selected coding region [21] . In order to detect samples with low DNA yield for this study, including: LD002-Ch1 (goat), LD002-G1 (kitten), and control the inhibitory effect in the PCR reaction, volumes of LD006-J1 (turkey), JB007-C7 (piglet), JE022-Y1 (chicken), 10, 1, and 0.1 mL of each stool sample extracts were used as LA023-V3 (cow), JB003-G (cat), JB003-R (dog), JB003-B1 (dontemplates. In addition, the presence of PCR inhibitors in the stool key), and LD010-C2 (pig). These samples contained spores that extracts was assessed by spiking each sample with 0.1 ng of E. were detected by IFA with MAb 3B6, which binds to the exospore intestinalis-cloned SSU-rRNA coding region. Products of ampliof Encephalitozoon species [17] . Samples were stored in 10% fication were resolved on a 2% agarose gel (SeaKem GTG; FMC formalin for several months. At the time of this study, samples BioProducts, Rockland, MA) and visualized by staining with ethidwere concentrated by ethyl acetate, resuspended in 2.5% potassium ium bromide. In addition, all samples were tested with speciesdichromate, and stored at 4ЊC until used.
specific primers for E. hellem (EHELR/EHELF) and E. cuniculi Microscopy. The samples were stained with the ''quick-hot'' (ECUNR/ECUNF) [19] . Gram-chromotrope stain [18] for optical microscopy analysis. For transmission electron microscopic studies, stools were first washed three times with PBS and fixed in 2.5% glutaraldehyde in 0. identified by electron microscopy in stool samples from the 3
Polyclonal antisera prepared in rabbits against different mianimals (cow, pig, and goat) that had the highest parasite burcrosporidial isolates from patients with AIDS, including E. hellem den, as determined by light microscopy. Examination of goat (CDC: 0291:V213) isolated from urine [19] , E. cuniculi (CDC: stool revealed the presence of degenerating but recognizable V282) isolated from urine and sputum [10] , and E. intestinalis host cells containing both developing and mature microspori- layer, and the size and ultrastructural features were consistent a specific reaction of anti -E. intestinalis serum with spores in the smears. Both avian samples were negative when tested with with members of the genus Encephalitozoon ( figure 2E) . In cow stool, numerous extracellular mature microsporidian anti -E. intestinalis serum. None of the 10 samples reacted with rabbit anti -E. hellem or rabbit anti -E. cuniculi sera. spores were present with morphologic features similar to those in goat stool ( figure 2D ). In addition, hollow, or empty, mi-PCR amplification. The E. intestinalis diagnostic DNA fragment of 520 bp was amplified with the SINTF/SINTR PCR crosporidian spores were identified, as were extruded microsporidian polar tubules (figure 2C), indicating that the spores primer pair from all 6 mammalian stool samples that reacted positively by IFA with the E. intestinalis specific anti-serum had discharged their contents in the feces. In stool examination of the pig, only empty microsporidian spores were identified ( figure 3A) . No amplification was observed in any of the 10 samples when species-specific primers for E. hellem and E. ( figure 2B) .
IFA. Spores that reacted with the anti -Encephalitozoon cuniculi were used. The presence of PCR inhibitors was observed in the goat and donkey samples (figure 3b). For the goat MAb 3B6 were observed in all samples. However, spores in 6 of the 8 mammalian stool samples reacted brightly with the sample (lanes 1 -4), no amplification was seen when 0. specific amplification products were observed when 10 or 1 data are limited, and there are scarce data on animals as potential reservoir hosts for microsporidia that infect humans (i.e., E. biemL of the template were used (lanes 1 and 2, respectively) . The reaction was stronger with 1 mL than with 10 mL, possibly neusi, E. intestinalis, E. hellem, and E. cuniculi) [12] [13] [14] [15] . due to interference of PCR inhibitors in the latter sample. The E. cuniculi infection is actually considered a zoonosis [12, sample from donkey (lanes 5 -8) showed striking evidence for 13]. There are 3 different strains of E. cuniculi (i.e., rabbit, inhibitors. No amplification was obtained with 10 mL of sample mouse, and dog) identified by Western blot analysis of spore alone (lane 5) or in its spiked control (lane 8). However, ampliantigens and by random amplification of polymorphic DNA, as fication was obtained with 1 mL (lane 6) and was even stronger well as by determination of differences in the rDNA intergenic with 0.1 mL (lane 7), which indicated dilution of inhibitors. A spacer region. The canine and rabbit strains have been identitrue negative sample without inhibitor is also shown in this fied in 3 and 6 patients, respectively [12, 13, 22] . On the other figure for comparison (lanes 9 -12) .
hand, there is only one report of E. hellem infection in birds [14] . Definitive species identification in this case was achieved by Southern blot analysis using an oligonucleotide sequence Discussion specific for E. hellem.
In our study, we demonstrated, with both quick-hot GramThe sources of microsporidia infecting humans and modes of chromotrope staining and immunofluorescence reactivity with transmission, particularly for E. intestinalis, remain uncertain.
MAb 3B6, the presence of microsporidian spores in 10 stool Persons or animals infected with microsporidia release spores samples from domestic animals from 2 villages in central Mexinto the environment via stool, urine, and respiratory excretions, which all could be possible sources of infection. Epidemiologic ico. However, although the MAb 3B6 recognized spores seen / 9d50$$se06 07-17-98 22:20:47 jinfa UC: J Infect in the 2 avian hosts, they were larger than those seen in the Among microsporidian species that infect immunocompromised persons, E. intestinalis is certainly the second most prevamammalian hosts. This is not surprising because MAb 3B6 also recognizes insect microsporidia [17] . Similarly, microsporidia lent after E. bieneusi [7, 9] . Additionally, seroprevalence studies have demonstrated that Encephalitozoon species, including spores seen by IFA using MAb 3B6 and after the quick-hot Gram-chromotrope staining in the stool samples from the cat E. intestinalis, may also be common among immunocompetent subjects from tropical and temperate regions [26, 27] . E. intestiand the kitten were negative when analyzed either by PCR with E. intestinalis, E. hellem, and E. cuniculi diagnostic primers or nalis can disseminate, causing infections in different organs and tissues of immunodeficient human hosts. The evidence IFA using anti-E. intestinalis serum. This suggests that these spores do not belong to microsporidia of the genus Encephalitoherein that E. intestinalis can be found in animals other than humans serves as a foundation for further investigation to unzoon. Spores of Encephalitozoon species in feces were identified in 7.84% (20/255) of persons living in these 2 communities [16] .
derstand the distribution of E. intestinalis in different animal species. In addition, it will be important to define other possible Ultrastructure typical for Encephalitozoon species was observed by electron microscopy. In an attempt to identify the microsporiexcretion routes of spores into the environment. Of the domestic animals studied, only mammals shed E. dian species, species-specific techniques (IFA and PCR) for identification of E. hellem, E. cuniculi, and E. intestinalis were intestinalis in their feces. Since we found E. intestinalis in domestic animals (dog and donkey) as well as in animals that used. In 6 hosts (2 pigs, 1 dog, 1 cow, 1 goat, and 1 donkey), E. intestinalis spores were identified using polyclonal rabbit anti-E.
are used for human consumption (cow, goat, and pig), it will be important to discover whether infections by E. intestinalis intestinalis serum and subsequently confirmed by DNA amplification using a species-specific pair of primers [21] . The presence are disseminated in these animals and which organs are the main target of infection. In vitro cultivation of animal E. intestiof spores in the stools of these animals could mean colonization by the parasite or simply passing of the spores through their nalis strains will be of invaluable importance to define new molecular markers to extend our epidemiologic studies. The guts. However, the presence of spores inside the epithelial cells found in stools of all mammalian species studied suggests that population at risk will benefit from such investigations, and new prevention measures can be implemented if E. intestinalis these animals were probably infected with the microsporidia and may serve as hosts for this microsporidian species. To our infection is proven to be a zoonosis. knowledge, this is the first report that specifically identifies E. intestinalis in animals other than humans. On the basis of these results, we suggest that these animals harbored E. intestinalis
